Introduction
Sodium chloride has many physiological functions, such as maintaining water and acid-base balance in the body. However, the excessive intake of sodium causes a rise in blood pressure [1] , thereby increasing the risk of cardiovascular [2] and renal disease [3] . Methods of reducing sodium intake have attracted attention throughout the world. For example, the national Salt Reduction Initiative (nSRI) aims to reduce the salt content of the american diet by 20 % over a 5-year period starting in 2010 [4] . The WHO has listed salt reduction as one of the five intervention priorities for the implementation of the European strategy on the prevention and control of noncommunicable diseases from 2012 to 2016 [5] .
In recent decades, much research has been performed with the aim of developing salt substitutes. Most studies have been focused on the use of potassium chloride combined with MgCl 2 or CaCl 2 in meat products, cheeses, and breads [6] [7] [8] [9] [10] [11] . k-lactate, l-lysine mono-hydrochloride, disodium inosinate, disodium guanylate, and taurine were also applied as salt substitutes in surimi and fermented sausages [12] [13] [14] [15] . another strategy for reducing sodium content was the use of herbs and spices [16] . The sensory perception of water extracts from plants was studied by lee [17] , who found that water extracts of saltwort, sea tangle, and kukoshi had a salty taste and that mixtures of these extracts contained 43 % less sodium than naCl. Whether extracts from mineral-rich marine resources have a salty taste remains unknown. Therefore, in the present experiment, the saltiness of aqueous extracts from nine species of plants and marine animal shells was evaluated. The concentrations of the elements na, K, Mg, Ca, Zn, and P and amino acids in aqueous extracts of cuttlefish bone and clamshell were determined.
Materials and methods

Materials
In total, nine materials were used in this study as listed in Table 1 , including six marine sources, seaweed (Sargassum), kelp (ThallusLaminariae), clamshell (MeretrixmeretrixLinnaeus), oyster shell (Concha Ostreae), cuttlefish bone (Sepia esculenta hoyle), and arabia cowry shell (Concha Mauritiae), and three land plants, inula flower (Flos Inulae), sanna leaf (Folium sennae), and semen cassiae (Catsia tora Linn). all materials were purchased from local supermarkets (nanjing, China) and produced in various regions of China. The samples were in dry form and kept at room temperature before use.
Methods
Preparation of aqueous extracts
The materials were thoroughly cleaned with distilled water to remove dirt. after being sundried for 15 days, the materials were ground for 1 min in a disintegrator (HY-04B, Tianyuan Machinery Co., ltd, Beijing, China) and then passed through a 40-mesh sieve. Twenty grams of each ground material was mixed with 30 ml distilled water and extracted in a water bath at 100 °C for 4 h. Vacuum filtration was applied, and the filtrate was dried in an oven (DHg-9240a, SanFa Scientific Instruments Co., ltd, Shanghai, China) at 105 °C until a constant weight was achieved. Subjects a total of 28 subjects (11 females) between 20 and 35 years of age were recruited from nanjing agricultural University. all subjects were untrained at the time of recruitment but had experience in sensory evaluation. Prior to participation in the study, the subjects were presented with a series of coded naCl solutions with 0.2, 0.4, 0.8, 1.0, and 1.5 % (m/v) naCl and were asked to rank the solutions in order from saltiest to least salty. The subjects who ranked the naCl solutions in the correct order were accepted for further testing. a total of 20 subjects, nine females and 11 males, all between the ages of 20 and 33 years, were selected for the sensory evaluation. The subjects had no self-reported problems in taste or smell. The subjects were asked to refrain from eating foods or drinking beverages for at least 1 h prior to their scheduled session.
Screening for the most salty aqueous extracts
The saltiness of aqueous extracts derived from nine marine animal shells and plants was evaluated by a five-point hedonic scale test (5 = very strong, 4 = strong, 3 = moderate, 2 = weak, and 1 = barely detectable). The stimuli, labelled with three-digit random codes, were presented in random order to cancel out any order effects. The saltiness of a 0.4 mol/l naCl solution was used as a reference to represent moderate saltiness, based on a preliminary experiment. Samples of 1 % of each aqueous extract (m/v) were prepared and served at room temperature. The subjects were asked to taste the reference solution (0.4 mol/l naCl) first and then rate the saltiness of the aqueous extract solution without taking the other tastes into account. They were asked to sip 5 ml solutions (20 °C), swished them gently for 2 s, expectorate them, and then rate their stimulus intensity. There was a 60-s interval between stimuli during which the panellists were required to rinse their mouths with deionised water and eat a cracker, if desired. at the end of session, the aqueous extracts indicated by the panellists to have high saltiness were selected for the following tests.
Sensory evaluation of saltiness
To test the saltiness of the aqueous extracts, a degree of difference test (DOD) was carried out, following the work of aust et al. [18] with some modifications. Five samples denoted by X, Y 1 , Y 2 , Y 3 , and Y 4 were prepared: X was the reference sample (0.6 % naCl) (m/v); Y1 was a control sample, and it was from the same batch as X; and Y 2 , 
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Folium sennae Sanna leaf Terrestrial anhui Y 4 ) might or might not be different from sample X. The stimuli were delivered using the sip-and-spit method. The panellists tasted sample X first and then tasted each of the coded samples from Y 1 to Y 4 . The samples presented from left to right were X, Y 1 , Y 2 , Y 3 , and Y 4 . They received four 5 ml samples for 3 s in order to compare them with the reference sample for saltiness intensity. There was a 60-s inter-trial between stimuli, during which the panellists were required to rinse their mouths with deionised water and eat a cracker, if desired. The sensory scores were rated on a seven-point ordinal scale (0, ± 1, ± 2, ± 3) for which 0 represents no difference and ±3 represents an extreme difference (e.g. +3, the intensity of the salty sample was significantly higher than the reference sample; −3, the intensity of the salty sample was significantly lower than the reference sample).
Evaluation of the degree of saltiness similarity
To further study the degree of saltiness similarity between the cuttlefish bone aqueous extract and the naCl solutions, four different concentrations (0.4, 0.6, 0.8, and 1 %) of cuttlefish bone extract (m/v) and four different concentrations (0.2, 0.4, 0.6, and 0.8 %) of naCl solution (m/v) were used. The procedure for this evaluation was similar to that used for screening the most salty aqueous extracts.
Comparison between subjective analysis and objective analysis in respect of saltiness a comparison between sensory evaluation and electronic tongue analysis of the salt solution and cuttlefish bone extract was designed. The same treatments tested for human sensory evaluation were evaluated by α-astree II electronic tongue (alpha M.O.S. Co., Toulouse, France). a total of five liquid cross-selective sensors represented by aB, ga, BB, Ca, and Da and an ag/agCl reference electrode were used for this study. Each sensor had a specific organic membrane that could produce a response to five basic taste qualities (saltiness, sourness, bitterness, sweetness, and umami) in the sample solution in a specific manner. any interaction at the membrane interface is detected by the sensor and converted into an electronic signal. naCl solutions at 0.2, 0.4, 0.6, and 0.8 (m/v) and cuttlefish bone aqueous extracts at 0.4, 0.6, 0.8, and 1 % (m/v) were used in this experiment. The measurements were taken on samples of 80 ml. The electrodes were dipped for 120 s into each sample solution, and a total of seven cycles were performed. Before a new measurement sample was tested, the electrodes were rinsed for 120 s with distilled water. The data from the last three cycles were analysed using principal component analysis (PCa).
Extract component analysis
Determination of Na, K, Mg, Ca, Zn, and P
The content of na, K, Mg, Ca, Zn, and P was determined using inductively coupled plasma optical emission spectroscopy (ICP-OES) (Optima 2100DV, Perkin Elmer) with an axially viewed configuration according to the method described by Krachler [19] with some modifications. For this technique, 0.08 g of the extract was weighed and put into a crucible. The crucible was then heated with an electric stove, and a mixture of nitric acid and perchloric acid (v/v = 4:1) was added for nitration until the solution was clear. Then, the sample solutions were allowed to cool and were diluted with 50 ml of deionised water for analysis.
Three replicates were applied to each sample. The ICP-OES operational parameters were the following: 1300w radio frequency power; 15 l/min plasma gas flow rate; 0.2 l/min auxiliary gas flow rate; 0.8 l/min nebuliser gas flow rate; and 1.5 l/min sample uptake rate. The emission lines that were employed were na 589.592, K 769.896, Ca 422.673, Mg 285.213, Zn 213.857, and P 213.618 nm.
Amino acid analysis
amino acid profiles were determined according to the procedure previously described by Jaworska et al. [20] , with slight modifications. In a test tube, 10 ml of HCl was added to 50 mg of the powdered extracts. The test tube was vacated by nitrogen, sealed, and placed in an oven at 110 °C for 24 h. The hydrolysates were evaporated to dryness under a vacuum at 60 °C, dissolved in 1 ml of buffer (sodium citrate buffer, pH 2.2), and filtered through a 0.22-μm syringe filter before being applied to the Biochrom 31 amino acid analyser (amersham, Britain). a volume of 20 μl was injected into the amino acid analyser to estimate the amino acid profile of the samples. The amino acid profiles were determined according to the standard protocol of the manufacturer. Three replicates were applied to each sample.
Statistical analysis
For a hedonic scale test, significant differences (P < 0.05) between saltiness intensity for the "screening for the most salty aqueous extracts" experiment were identified using Duncan's multiple-range tests. The data of "evaluation of the degree of saltiness similarity" were analysed using repeated-measures anOVa, and the differences between the treatments were assessed using Duncan's multiplerange tests. The correlation between sensory and chemical data was analysed with the commercial software SPSS 13.0. For the DOD, significant differences (α = 0.05) between samples and the control were assessed using least significant difference (lSD) test.
Results and discussion
Screening for the most salty aqueous extract
The sensory saltiness of aqueous extracts of nine plants and marine animal shells is presented in Fig. 1 . The saltiness of the clamshell extract and cuttlefish bone extract were 1.28 ± 0.21 and 3.12 ± 0.56, respectively. The saltiness of the oyster shell and arabia cowry shell extracts were 5.8 and 5.1 % of that of the cuttlefish bone extract, respectively, although they were both from marine sources. The marine and terrestrial plants, including seaweed, kelp, inula flower, semen cassiae, and sanna leaf, were found to have weak saltiness. The cause of the difference in saltiness among the samples might be due to the species, origins, and also physiological functions. Cuttlefish bone refers to the internal shell or bone of the cuttlefish (Sepia Officinalis L.) [21] , which is rich in minerals [22] . In lee's opinion, large quantities of minerals might lead to a salty taste for marine organisms [23] . Based on the saltiness evaluation, the clamshell and cuttlefish bone aqueous extracts with a high saltiness were selected for saltiness evaluation and component analysis.
Saltiness evaluation and component determination of the aqueous extracts
In humans, naCl does not generate the quality of saltiness until its concentration exceeds 40 mmol/l [24] . Based on this, 0.6 % naCl was used as the control in this study. according to the results of the saltiness evaluation of nine aqueous extracts, 0.6 % cuttlefish bone extract and 1 and 1.4 % clamshell extract solutions were used as the samples for evaluating the difference in perceived saltiness from control. as shown in Fig. 2 , the difference value (DV) in saltiness between 1.4 % clamshell extract and control was biggest and the DV was less than lSD 0.05 (0.695). Furthermore, the result of the least significant difference test (lSD) showed that the difference values between the samples and the control were all less than lSD 0.05 (Fig. 2) , i.e. there was no significant difference in saltiness between the samples and the control. In other words, the saltiness between these samples and the control was similar. In contrast, the sodium content of the 0.6 % cuttlefish bone extract was the lowest among these samples. The sodium content of the naCl control solution was 393.3 mg/g. Table 3 shows that the sodium levels of the clamshell and cuttlefish bone extracts were 262.5 mg/g and 287.5 mg/g (dry matter), respectively. Therefore, the sodium content of the 0.6 % cuttlefish bone extract and 1 and 1.4 % clamshell extract were 1.725, 2.625, and 3.675 mg/ml, respectively, and the control, 0.6 % naCl, contained 2.359 mg/ml sodium. The sodium level of the cuttlefish bone extract solution was 73 % of that of the naCl solution in circumstances of similar saltiness.
The contents of the elements na, K, Mg, Ca, Zn, and P and of amino acids were also determined in the present study ( Table 2 ). The contents of potassium, magnesium, and phosphorus in the cuttlefish bone extract were approximately six times, eighty-six times, and three times that of the clamshell extract, respectively. The contents of elements na, K, P, and Zn in the cuttlefish bone aqueous extract were in line with the previous finding of Stallard [22] , who reported that the sodium percentage was highest for the dried matter of cuttlefish bone, followed by potassium, phosphorus, and zinc except calcium and magnesium. Regarding the contents of amino acids, the quantitated amounts of 13 amino acids were all higher than that in clamshell extract. and the levels of Phe, lys, and His were high among 13 amino acids in cuttlefish bone extract. The individual amino acids have different tastes [25] [26] [27] [28] . ala and leu at the same fixed concentration (0.3 %) are sweet and bitter in taste, respectively, although it is known that the taste quality may vary with concentration [29] . lys, His, and arg were salty with little sour or bitter [26] . These three amino acids and others might contribute to salty taste and saltiness of cuttlefish bone extract. It was possible that component interaction between two amino acids, between an amino acid and element, and between two elements was the cause of the saltiness intensity of the cuttlefish bone extract being higher than that of the clamshell extract. Research on the effect of saltiness on the interactions between the key salty components in cuttlefish bone will be reported in a future publication.
Evaluation of the degree of saltiness similarity
The saltiness evaluations of different concentrations of cuttlefish bone extract solutions and naCl solutions are shown in Fig. 3 . The saltiness of cuttlefish bone extracts of 0.4-1.0 % increased linearly (P < 0.05), which was in accordance with the increasing saltiness tendency of naCl.
In 0.4, 0.6, and 0.8 % solutions, there was no significant difference (P > 0.05) in saltiness between the cuttlefish bone extract and naCl. That is to say, the cuttlefish bone extract and naCl had similar levels of saltiness at the same concentrations.
The same treatments for the evaluation of the degree of saltiness similarity were evaluated by electronic tongue. The relationships between the cuttlefish bone aqueous extract and naCl were identified using principal component analysis (PCa; Fig. 4 ). PC1 explained 64.122 % of the variances, and PC2 explained 28.655 % of the variances. Therefore, the two-dimensional plot represented by the PC1 and PC2 scores could describe 92.78 % of the information obtained from the original data, indicating the effectiveness of the electronic tongue test. Similarly characterised samples were closely located in the PCa plot. Correspondingly, it was shown that the distance between 0.8 % cuttlefish bone extract solution and 0.8 % naCl was the smallest (Table 3) . It meant that the saltiness between 0.8 % cuttlefish bone extract and 0.8 % naCl was most similar. In contrast, in difference of degree test (Fig. 2) , we thought that the saltiness of 0.6 % cuttlefish bone extract solution was most similar to 0.6 % naCl solution in spite of the difference value between 1 % clamshell and 0.6 % naCl because the sodium content of 1 % clamshell extract was higher than that of 0.6 % cuttlefish bone extract. Furthermore, from Fig. 3 , the saltiness of 0.6 % naCl was 0.1 more than that of 0.6 % cuttlefish bone extract. Taken together, it was alternative that the saltiness of 0.6 % cuttlefish bone extract solution was most similar to 0.6 % naCl solution because human tasting always had the last word although E-tongue might be a more objective instrumental method.
The relationship between the subjective and objective data was identified with SPSS software. Based on the PCa, The correlation coefficients between the F value and saltiness scores were calculated. The coefficient for cuttlefish bone aqueous extract was 0.9934, and the coefficient for naCl was 0.9994. It was shown that there was a strong positive correlation between the sensory and instrumental data.
Conclusion
Over the course of the recent decades, research on reducing salt consumption has become a key issue in academic studies as well as government initiatives throughout the world.
The findings of the present study indicated that the cuttlefish bone aqueous extracts tasted the saltiest among seaweed, kelp, clamshell, oyster shell, semen cassiae, cuttlefish bone, inula flower, arabia cowry shell, and sanna leaf samples. Meanwhile, 0.6 % cuttlefish bone aqueous extract was equivalent in saltiness to 0.6 % naCl. In contrast, the sodium content of cuttlefish bone was 73 % of that of naCl at the same level of saltiness. The results from the component determination of the aqueous extracts suggested that further research on the salty taste interactions among key salty components in the cuttlefish bone extract could be useful for developing a novel salt substitute. 
